Introduction 29
Currently, more than half of the global population lives in cities and this will increase to 30 around 60% by 2030 (United Nations Population Fund, 2007). Developed countries have larger 31 urban populations, and as city sizes increase (Pickett et al., 2010) ; brown-field land will be 32 needed for development. In order to optimise the development of a brown-field site, a risk-33 based remedial solution will be required to address potential impacts on the environment 34 To understand the application of S/S, the use of a conceptual study is appropriate, to visualise 76 the binder addition and alteration of the material with binder hydration John, (2011). 86 Minerals such as kaolinite may be pozzolanic (Bell, 1996) and may be active in immobilisation 87 of contaminants by the formation of complexation products. For zinc (the contaminants of 88 interest in the current study), the presence of aluminium in the crystalline lattice and silicic 89 acid (H 4 SiO 4 ) in the equilibrium solution favours the prevalence of zinc silicates in controlling 90 solubility (McPhail et al., 2003) . Also, during binder hydration zinc complexes with calcium to 91 form calcium zincate, which coats the surfaces of calcium silicate hydrate (CSH) gel, which 92 forms during cement hydration (Mollar et al., 1995 
Materials and Sample Preparation 149
To undertake chemical characterisation as part of the evaluation method for the assessment of 150 S/S effectiveness and long-term performance, it was necessary to use materials with relatively 151 well define chemical properties. An additional complexity was then introduced to take into 152 account the influences of some soil components, which in the case of this study was humicacid. For equilibrium pH dependent leaching assessments, the pH dependent leaching test CEN/TS 251 14429 (2008), with initial addition of acid or base was employed. Samples were crushed to 252 achieve a particle size below 2mm in a porcelain bowl, and demineralised water was used as 253 the primary leachant, with pH adjusted by additions of 2mol nitric acid or 1mol sodium 254 hydroxide. Samples were hand crushed in porcelain bowl to prevent excessive aeration and 255 carbonation by using a crusher. The samples were then passed through a 2mm sieve, and then 256 weighted and air dried at 20°C prior to testing. A pH range of 4 -12 was required, with a pH 257 Here, 500ml of demineralised water will be passed through 1kg of the test sample. Samples 276 were crushed under controlled conditions to prevent excessive aeration and carbonation, and 277 tested in 32cm long 10 cm diameter cylindrical columns at a flow rate of 48ml/h. Prior to 278 testing, samples were saturated with demineralised water, and allowed to stand for 4 days to 279 reach equilibrium conditions. The first two fractions (0.1 L/S each) were used for validation 280 that equilibration of the samples have been attained, and should not vary by more than 0.5 pH 281 units. If conditions were met, the two fractions were combined to form one sample (cumulative 282 0.2 L/S fraction) prior to analysis. 
LEACHING ASSESSMENTS AND GEOCHEMICAL MODELLING 318
Eluates from the different chemical leaching tests and extractions were undertaken using an 319 ICP-OES (inductively couple plasma -optical emissions spectroscopy) for cation analyses, 320 and using a Shimatzu high sensitivity organic carbon analyser for dissolved organic carbon 321 (DOC) measurements. Table 3 shows the detection limit of the ICP-OES equipment for the 322 elements presented, and the measure of total organic carbon used for modelling was the 323 volume added to make 1% humic acid considering the low organic carbon of the utilised kaolin 324 clay. Leaching evaluations were then undertaken using LeachXS for the stabilised zinc 325 contaminated kaolin clay with 1% humic acid (denoted by EOHZ) to determine the 326 effectiveness of treatment, chemical durability and changes in these properties with hydration. 327
To evaluate the implications of the increased organic content on the contained zinc, findings 328 and results were compared to those for a comparable matrix without increased organic content 329 for the kaolin clay (aluminium and silicon). Table 4 Silicon and calcium availability, however, decreased with hydration (Table 4 ) (over a period up 377 to 300 days) due to silicic acid (H 4 SiO 4 )-calcium complexes forming stable cementitious 378 minerals. Table 5 shows the maximum availability of the selected components during pH 379 dependent leaching, and indicates that less than 1% of the total structural cations (85% alumina 380 and silica or 40% aluminium and silicon present in kaolin clay) are available for release from 381 the stabilised material. This indicates that the availability of dissolution product decreases at 382 increased hydration durations, which suggests that even though dissociation is taking place, the 383 products are used up for formation of stable mineral precipitates. This is consistent with 384 observation on stabilised clay soils made by Bell (1996) Table 4 shows that zinc was not leached over time under the material's natural conditions. 405 Table 5 shows that the availability of zinc decreases with increasing period of hydration. 406
Kaolin clay with additives (EOHZ), had increased zinc availability at early age, but this 407 decreased with time up to 300 days, when results were comparable to the control mixture. 408
Also, at 28 days of hydration almost all introduced zinc is available for leaching (0.5grams/kg). 409
Zinc silicates are likely to prevail with presence of silicic acid in the pore solution and 410 aluminium in the crystalline lattice (McPhail et al., 2003) , and the presence of increased 411 organic containment retards cement hydration (Bone et al., 2004) . This retardation is likely dueto hydration when more stable products form through decreased kaolin dissociation and 413 complexation of zinc with organic carbon, which are responsible for the increased availability 414 in the humic acid matrices. As hydration progresses past this retardation, more silicic acid 415 becomes available in the pore solution for complexation with zinc, and more zinc is complexed 416 with the formed cementitious products, which induced increased containment as seen at the 417 advanced hydration period (Table 5) conditions, it was expected that all these mineral formations are possible, but some like 425 hermimorphite and fraipontite lack sufficient thermodynamic information for use in modelling 426 (McPhail et al., 2003) . These phases were not available for selection during speciation 427 determinations, and for consistency ZnSiO 3 was used to represent all zinc silicates. The use of 428 ZnSiO 3 was also seen in similar modelling work by Comans et al (1993) and Meima and 429 Comans (1999) , and in both cases amphoteric leaching was observed for zinc releases. 430
However, this was not observed during the current study ( Figure 4A These results show predictions for amphoteric leaching, but the measured trends consistently 439
show that zinc was insoluble. Considering the reduced silica solubility observed for the matrix 440 under alkaline conditions ( Figure 6B ), it is likely that zinc is complexed as an insoluble 441 silicate, such as hermimorphite, for which thermodynamic information is not available. 442
The predictions ( Figures 7B, 7D and 7F) show that zinc solubility is controlled by zinc 443 silicates, franklinite, calcium zincate, particulate organic matter, and to a lesser degree HFO. 444
By way of interest, Franklinite is a mineral found in granitic rocks from which kaolin clays are 445 weathered. 446 447 Figure 8 shows the pH dependent releases of DOC with increasing hydration, which will be 448 dependent on the properties of the utilised humic acid. The results are presented in g/kg, 449 converted to show the releases from the mass of sample, rather than the release into the eluates. 450
The results show that DOC has lower solubility under both alkaline and acidic conditions, with 451 the higher solubility under neutral conditions. However, while DOC releases were elevated 452 under neutral conditions, this did not modify the zinc leachability trend ( Figure 4A) . 453
454

Figure 8 455 456
The approach presented in this paper demonstrates how longer term stability of S/S has been 457 evaluated for a zinc contaminated kaolin soil, treated using cement. This work demonstrates 458 the potential for such analysis to be extended for all S/S used in the treatment of soil containing 459 any heavy metal contamination. Thus to fully understand and therefore design S/S for the 460 longer term, knowledge of the release controlling mechanisms, mineralogy, field exposure 461 conditions, and key extrinsic parameters, such as hydrological, redox and, weathering 462 conditions are required. This is achieved through leaching assessments augmented by 463 geochemical speciation modelling a complete assessment can be made. 464 
